The antioxidant effects of vitamins C and E on cryptorchidism-induced oxidative stress were investigated in male Sprague-Dawley rats. Forty rats (200-250 g) were randomly divided in a blinded fashion into five groups (n = 8). Group 1 was sham operated and treated with vehicle (corn-oil, 10 mL/kg). Groups 2, 3, 4, and 5 were rendered unilaterally cryptorchid and treated with vehicle (10 mL/kg), vitamin E solution (75 mg/kg), vitamin C solution (1.25 g/kg), and combination of vitamin E (75 mg/kg) and vitamin C (1.25 g/kg) solutions, respectively. Germ cell count, superoxide dismutase (SOD), total protein (TP), and testicular weight (TW) were lower, but malondialdhyde (MDA) was higher in the cryptorchid rats than the sham-operated rats. When administered separately, vitamins C and E increased germ cell count, SOD, TP, and TW but did not reduce MDA in the cryptorchid rats when compared to the vehicle-treated cryptorchid rats. However, there was no significant difference in these parameters between vehicletreated and combined vitamins C-and E-treated rats. This suggests that vitamins E and C alleviate the germ cell loss and oxidative stress in cryptorchidism when administered separately but not when combined in rats.
Introduction
The vital roles of vitamins in the prevention of various deficiency diseases such as Beriberi, Pellagra, and Rickets have been elucidated. Recent studies have shown that the role of these micronutrients extends beyond the mere prevention of deficiency diseases to the maintenance of general good health in various organ systems [1] . The vital roles of micronutrients in the normal functioning of the central nervous system [2] , cardiovascular system [3] , respiratory system, and hepatic organ [4] have been extensively investigated. The beneficial effects of vitamins E and C have been largely attributed to their antioxidant properties, which tend to counteract the harmful effects of free radicals generated by the body's metabolic processes [5] . These antioxidant properties of the two vitamins have been extensively investigated individually [6] [7] [8] and when combined [9, 10] . Britton et al. [11] showed that vitamins E and C when combined have a synergistic effect, which potentiates their antioxidant actions. Combination of vitamins E and C has been found to be efficacious in alleviating the oxidative stress induced by exercise [12] and atherosclerosis [13] .
Cryptorchidism results from the failure of the testis to descend from the abdominal region into the scrotal sac. It occurs naturally [14] , can be induced experimentally [15] , and may be unilateral or bilateral. It can be congenital, or acquired, whereby testes that were in scrotal position at birth later ascend [16, 17] . It usually results from hormonal abnormalities, which could be either deficiency or insensitivity to androgen or to antimullerian hormone [18] . Several studies have described low birth weight and preterm delivery as the major risk factors for cryptorchidism [19] . In prospective studies using similar and clearly defined criteria of cryptorchidism, the birth rate of cryptorchidism has varied between 1.6 and 9.0% in USA [20] , Denmark [21, 22] , Finland [21] , Italy [23] , India [24] , Lithuania [25] , 2 ISRN Pharmacology UK [17, 26] , and Malaysia [27] . It is the most significant risk factor for testicular cancer increasing the risk 2.5-11-fold [28] . Its aetiology is for the most part unknown and appears to be multifactorial [29] .
Cryptorchidism induces apoptosis, cell death and large scale removal of germ cells from the seminiferous epithelium [30] . Recent studies have shown that testicular testosterone production is acutely reduced in a number of conditions like cryptorchidism, which is associated with reactive oxygen species (ROS) production and oxidative stress in the testis [30, 31] . In most mammals, the testis is kept between 3-5
• C below body temperature. A slight increase in temperature for a short or long period results in a rapid loss of mature germ cells. The increased testicular temperature in cryptorchidism has long been associated with increased testicular oxidative stress [15, 32, 33] . Moreover, cryptorchidism has also been shown to induce an increase in ROS, which correlated with increased germ cell apoptosis and alterations in the expression of a number of genes associated with energy and lipid metabolism, stress response, and redox reactions [34] . Testis tissue under increased temperature in vitro also showed an increased susceptibility to oxidative stress and germ cell apoptosis [35] .
Since oxidative stress has been well reported as the major cause of many symptoms sequel to cryptorchidism, and vitamins C and E have been reported to possess antioxidant effects individually and when combined, studies on the antioxidant effects of these vitamins in cryptorchidisminduced oxidative stress were of interest to us. The present study was thus designed to investigate the effects of vitamins C and/or E on germ cell count and biochemical parameters in experimentally induced cryptorchid rats. (40) male Sprague-Dawley rats (200-250 g) were bought in the animal house of the Faculty of Basic Medical Sciences of Ladoke Akintola University of Technology, Ogbomoso, Nigeria, and acclimated to their new environment for two weeks. They were fed a standard laboratory diet (Bova Jay Feeds Nig. Ltd., Ogbomoso) with free access to tap water ad libitum. They were kept under condition of uniform humidity and temperature on a 12-h light-dark cycle. Study protocol and animal use were approved, prior to the beginning of the study, by our institutional research and ethical committee. All necessary protocols were followed to ensure the humane treatment of the animals.
Materials and Methods

Animals. Forty
Experimental Protocol.
After two weeks of acclimatization to their new environment with standard laboratory diet and water given ad libitum, animals were randomly divided in a blinded fashion into five groups of eight rats each as follows.
Group 1: rats were pretreated with 10 mL/kg of vehicle (corn-oil) for 21 days, sham operated on the 22nd day, and then posttreated with 10 mL/kg of vehicle (corn oil) for 7 days. Group 2: rats were pretreated with 10 mL/kg of vehicle for 21 days, rendered unilaterally cryptorchid on the 22nd day, and then posttreated with 10 mL/kg of vehicle for 7 days.
Group 3: rats were pretreated with 75 mg/kg of vitamin E solution for 21 days, rendered unilaterally cryptorchid on the 22nd day, and then posttreated with 75 mg/kg of vitamin E for 7 days.
Group 4: rats were pretreated with 1.25 g/kg of vitamin C solution for 21 days, rendered unilaterally cryptorchid on the 22nd day, and then posttreated with 1.25 g/kg of vitamin C solution for 7 days.
Group 5: rats were pretreated with combination of vitamin E (75 mg/kg) and vitamin C (1.25 g/kg) solutions for 21 days, rendered unilaterally cryptorchid on the 22nd day, and then posttreated with combination of vitamin E (75 mg/kg) and vitamin C (1.25 g/kg) solutions for 7 days.
A solution containing vitamins E and/or C dissolved in corn-oil was freshly prepared daily in such a way that all animals received 10 mL/kg of either corn-oil alone or the solution depending on the group as described above. The solution or the vehicle was administered by oral gavage between the hour of 9:00 AM and 10:00 AM daily. Corn oil of chemical reagent grade was purchased from Nacalai Tesque, Inc., Japan. It has been conveniently used as one of the most common vehicles to administer lipophilic chemicals to rodents in toxicity studies. It has about 60% polyunsaturated fatty acid; therefore, it is one of the oils that has been recommended as a replacement for saturated fat [36] .
Unilateral cryptorchidism was induced as previously described [37] . Briefly, under strict aseptic conditions, the animals were anaesthetised with ketamine (75 mg/kg body weight). The testis was mobilised through a transverse inguinal incision and the gubernacula of the testes severed. The freed testis was pushed back into the abdomen through the internal inguinal ring, which was subsequently closed with 2-0 chromic sutures. The sham operation followed the same procedure, but the testis was left in the scrotum. All the animals subsequently recovered fully.
On the 30th day of the experiment, each rat was weighed and sacrificed by cervical dislocation. Blood sample from each rat was collected (by cardiac puncture) into lithiumheparinized capillary tubes. It was spun using centrifuge at the rate of 3000 revolutions per minute for 15 min. Plasma was collected from each sample and preserved at a very low temperature (−20
• C). The testis of each rat was harvested and preserved in separate formalin bottles. The testis was removed, washed in the washing buffer, and weighed by a standardized method with electronic weighing balance to know the ratio of the homogenizing buffer to the organ. The constituent of the washing buffer is 11.5 g of KCl in 1000 mL of distilled water. The homogenizing buffer {pH = 7.4} contains 11.5 g of KCl and 7.88 g of tris HCl in 1000 mL of distilled water. NaOH was added drop wise to correct the pH. The homogenizing buffer was added at a ratio of 1 : 4. The testis was ground in the homogenizing buffer, centrifuged, and the homogenate was refrigerated.
Determination of Germ Cell Count.
Germ cell count was done as previously described elsewhere [38] . Briefly, the testis was cut in slabs of about 0.5 cm thick and fixed in Bouin's fluid for a day after which it was transferred to 70% alcohol for dehydration. The tissues were passed through 90% alcohol and chloroform for different durations before they were transferred into two changes of molten paraffin wax for 20 min each in an oven at 57
• C. Serial sections of 5 μm thick were obtained from a solid block of tissue and were stained with haematoxylin and eosin stains, after which they were passed through a mixture of equal concentration of xylene and alcohol. Following clearance in xylene, the tissues were oven-dried. Light microscopy was used for the evaluations. The number of germ cells in 20 cross sections of the seminiferous tubules was counted and taken as the germ cell count.
Determination of Biochemical Parameters.
Superoxide dismutase (SOD) estimation was done by the method described elsewhere [39] . The principle is based on the ability of SOD to inhibit the autooxidation of adrenaline at pH of 10.2. Superoxide radical {O − } generated causes the oxidation of adrenaline to adrenochrome. The yield of adrenochrome increases per O − introduced with increasing concentration of adrenaline. Briefly, 0.1 mL of sample was diluted with 0.9 mL of distilled water. 0.1 mL of the resulting solution was added to 2.5 mL of the carbonate buffer. 0.3 mL of the adrenaline was added. Blank cuvette contained 2.5 mL of carbonate buffer, 0.3 mL of adrenaline, and 0.1 mL of distilled water. The absorbance at 0 sec and 150 sec was read on a spectrophotometer (Jenway Ltd., UK) at wave-length of 480 nm.
Malondialdehyde (MDA) was estimated by the method described elsewhere [40] . The principle is based on the reaction of malondialdehyde (MDA) with thiobarbituric acid (TBA), forming an MDA-TBA complex, which absorbs strongly at a wave-length of 532 nm. Small amounts of MDA are produced during lipid peroxidation, which react with TBA to give a pink colored complex and absorb light when in an acidic solution at 532 nm. Briefly, 0.4 mL of the sample was mixed with 0.5 mL of 30% TCA. 1.6 mL of Tris KCl was added. TBA (0.5 mL) was added and the solution was incubated for 45 mins at 80
• C. This produced pink colored reaction mixtures. The absorbance of the pink supernatant was read at 532 nm on a spectrophotometer (Jenway Ltd., UK).
Estimation of total protein (TP) was based on the method described elsewhere [41] . One mL of alkaline sodium carbonate solution was added to 0.05 mL of plasma and then allowed to stand for 10 min. Folin-Ciocalteu reagent (0.1 mL) was rapidly added to the mixture and then allowed to stand for 30 min. The absorbance of the blue colour developed was read at 750 nm on a spectrophotometer (Jenway Ltd., UK). The absorbance of each sample was converted to concentration through extrapolation on a standard protein curve using bovine serum albumin (BSA) as a standard protein.
Data
Processing. Data were analyzed using SPSS version 16.0 for windows. All values given were the mean±S.D of the variables measured. Significance was assessed by the analysis of variance (ANOVA) followed by a posthoc Turkey multiple range test for multiple comparisons. P values of 0.05 or less were taken as statistically significant.
Results
Effects of Vitamins C and/or E on the germ cell count of cryptorchid rat testis are shown in Figure 1 . The germ cell count in each of the cryptorchid rat groups was significantly lower (P < 0.001) than the noncryptorchid rats. Germ cell count was significantly higher in the vitamin E-treated (P < 0.01) and the vitamin C-treated (P < 0.05) cryptorchid rats than in the vehicle-treated cryptorchid rats. However, there was no significant difference between the germ cell count of the combined vitamin E-and C-treated cryptorchid rats and vehicle-treated cryptorchid rats.
Effects of Vitamins C and/or E on plasma SOD of cryptorchid rat are shown in Figure 2 . SOD in each of the cryptorchid rat groups was significantly lower (P < 0.001) than the noncryptorchid rats. Moreover, SOD was significantly higher in the vitamin E-treated (P < 0.01) and the vitamin C-treated (P < 0.01) cryptorchid rats than in the vehicle-treated cryptorchid rats. However, there was no significant difference between the SOD of the combined vitamin E-and C-treated cryptorchid rats and the vehicletreated cryptorchid rats. Figure 3 shows the effects of vitamins C and/or E on the plasma MDA of cryptorchid rats. All cryptorchid rats, except those treated with vitamin C, had significantly higher (P < 0.05) MDA than the noncryptorchid rats. Moreover, MDA was significantly higher in the vitamin E-treated (P < 0.01) and the combined vitamin E-and C-treated (P < 0.05) cryptorchid rats than in vehicle-treated cryptorchid rats. However, there was no significant difference (P > 0.05) between the MDA of the vitamin C-treated cryptorchid rats and the vehicle treated cryptorchid rats. Figure 4 shows the effects of vitamins C and/or E on the TP of cryptorchid rats. TP in each of the cryptorchid rat groups was significantly lower (P < 0.05, P < 0.001) than the noncryptorchid rats. Moreover, TP was significantly higher in the vitamin E-treated (P < 0.01) and the vitamin Ctreated (P < 0.01) cryptorchid rats than in the vehicle-treated cryptorchid rats. However, there was no significant difference between the TP of the combined vitamin E-and C-treated cryptorchid rats and vehicle-treated cryptorchid rats. Figure 5 shows the effects of vitamins C and/or E on the testicular weight of cryptorchid rats. The testicular weight in each of the cryptorchid rat groups was significantly lower (P < 0.001) than the noncryptorchid rats. Moreover, testicular weight was significantly higher in the vitamin Etreated (P < 0.01) and the vitamin C-treated (P < 0.05) cryptorchid rats than in the vehicle-treated cryptorchid rats. However, there was no significant difference between the testicular weight of the combined vitamin E-and C-treated cryptorchid rats and vehicle-treated cryptorchid rats.
Discussion
Interest in the toxicological aspects of oxidative stress has grown in the recent years and research has become increasingly focussed on the mechanistic aspects of oxidative damage and cellular responses in biological systems. Toxic (2), vitamin E (3), vitamin C (4), and combination of vitamins E and C (5). Values are expressed as Mean ± SEM, (n = 8).
* P < 0.05, * * * P < 0.001 versus group 1; ## P < 0.01 versus group 2.
consequences of oxidative stress at the subcellular level include lipid peroxidation and oxidative damage to DNA and proteins [42] . Typically, mammalian species have been used as models to study oxidative stress and to elucidate the mechanisms underlying cellular damage and response, largely because of the interest in human health issues surrounding oxidative stress [42] .
Previous studies in experimental surgically induced cryptorchidism have established that excess generation of free radicals is the underlying causative factor in the pathophysiological manifestations observed in cryptorchidism [15, 33] . Such manifestations as infertility [43] , increased rate of apoptosis, germ cell degeneration [44, 45] , and malignant transformation [46] have all been attributed to increased oxidative stress.
In the present study, the observed significant elevation of plasma MDA and the reduction of plasma SOD and total protein in the cryptorchid controls are indicative of oxidative stress. Our findings are in agreement with the findings in similar studies which demonstrated lipid peroxidation [33, 47] , depletion of antioxidative defences of the body [48] , and reduction of total protein [49] as invariable consequences of oxidative stress.
Vitamin E-treated cryptorchid rats had increased plasma protein, SOD, and MDA concentration. The overall results, except the finding of elevation in plasma MDA, confirm the antioxidant properties of vitamin E which seems to exert by inhibiting xanthine oxidase enzyme system a major source of free radicals in testicular cells [50, 51] . The elevation of plasma SOD on treatment with vitamin E could be due to a sparing effect on the SOD enzyme system since vitamin E has its own radical scavenging properties [52] and thus augments the anti oxidant capability of the body. Furthermore, other investigators have shown that vitamin E decreases the release of reactive oxygen species [53] by inhibiting superoxide production [54] . However, the observed increase in the plasma MDA concentration was unexpected as MDA, a marker of lipid peroxidation, was expected to reduce on administration of vitamin E as has been reported by other investigators [55, 56] . Some investigators however, have questioned the efficacy of vitamin E in reducing lipid peroxidation [57] [58] [59] [60] .
Most studies investigating lipid peroxidation have directly measured the level of peroxidation in the tissues or organs under investigation [55] , while our study however, measured the level of peroxidation in the plasma. The mean testicular weight was also found to have increased on treatment with vitamin E, further confirming the salutary effect of vitamin E in alleviating oxidative stress resulting from cryptorchidism.
Similarly, treatment of cryptorchid rats with vitamin C was found to cause an increase in plasma protein, SOD and, MDA concentrations. Vitamin C being a water soluble antioxidant has the capacity to scavenge both reactive oxygen and nitrogen species, which are thought to play roles in tissue injury [8] . High concentrations of vitamin C have been found to suppress the activity of superoxide free radicals intracellularly [61] . Vitamin C is known to react with highly aggressive oxidising species directly to produce a much less reactive and recyclable semihydroascorbate [62] . As observed in the vitamin E-treated group, vitamin C did not significantly reduce the MDA concentration. Drake et al. [63] have reported the inability of vitamin C to reduce MDA concentration in H. pylori gastritis. The inability of vitamin C to reduce lipid peroxidation may be due to its water soluble nature since lipid peroxidation is an outcome of oxidant attack on predominantly lipid soluble cell membranes and structures [64] [65] [66] .
The animals treated with a combination of vitamins E and C showed no evidence of reduction of oxidative stress. The plasma SOD and total protein were not significantly elevated above those of the nontreated cryptorchid control neither did treatment with vitamin E and C combination result in appreciable reduction of MDA concentration, which is a marker of lipid peroxidation. These findings were rather unexpected given the widely documented synergistic action of vitamins E and C. Vitamin C, a water soluble vitamin, is thought to enhance the antioxidant action of vitamin E by regenerating the protonated tocopherol from the tocopheroxyl radical [9] . Studies done on oxidative stress in respiratory and cardiovascular system have shown that vitamins E and C when combined do have the expected synergistic action of reducing free radicals more effectively than when used individually [13, [67] [68] [69] . Recently, it was shown that treatment of rats with vitamins C, E and Selenium exerted antioxidant effect and consequently prevented skin damage caused by streptozotocin-induced diabetes [70] . In addition, antioxidant supplementation with vitamins C and E reduced the exercise-induced oxidation of proteins in neutrophil, without altering the antioxidant adaptive response as evidenced by the increased Catalase and glutathione peroxidase gene expression [71] . In this study however, we found no such potentiation of antioxidant actions, instead, the two vitamins appeared to have cancelled out each other's actions. This observed difference may be a result of differences in the enzyme systems available for combating oxidative stress in individual organs. Some tissue specific studies have found that vitamin C works more efficiently on its own than when combined with other micronutrients [72] [73] [74] . Further studies need to be done in order to elucidate the mechanisms by which they occur.
Conclusion
This study provides evidence for the germ cell count boosting and antioxidant potential of vitamins E and C when administered separately but not when combined.
